Purpose: Stroke is one of leading causes of neuromuscular disorders that affects the patients' abilities during standing and walking. Various treatments have been used to restore and improve patients' stability and reduce falling risks. This study aimed to assess the effect of Kinesio taping on dynamic balance and spasticity in subjects with stroke disorder.
Introduction
troke is claimed to be the third main cause of death and disabilities in the world [1, 2] . Hemiparesis is the main symptom of the stroke [1, 2] that finally affects the patients' abilities in standing and walking [3] [4] [5] . These patients suffer from impairment in static and dynamic balance [6] and have a high records of falling [3] [4] [5] . Stability in standing and walking is controlled by musculoskeletal, somatosensory, and vestibular systems [7] [8] [9] [10] . Based on the results of various studies, stroke subjects are unable to control their standing balance and are at risk of falling [6, 11, 12] .
Therefore, various therapeutic interventions, such as physical therapy, Kinesio tape, and assistive technology have been recommended to improve their balance during standing and walking [13, 14] . Kinesio Taping (KT) technique was introduced by Kase in 1973 as a therapeutic tape and taping technique to support the joints and muscles without restricting their range of motion [15] . KT is based on three important concepts; space, movement, and cooling. The major functions of KT based on Kase theory include supporting muscles, removing body fluids congestion, activating endogenous analgesic system, and correcting joint problems [15] .
This method is currently used to improve the standing stability of the subjects with various musculoskeletal and neurological disorders. In this regard, two theories discuss the effects of KT administration on stability. Based on the first theory, KT affects the structural stiffness of the joints and acts as a mechanism of postural control [16] . According to the second theory, KT constantly stretches the entire skin of the leg, which rises proprioception and accordingly sensory inputs to central nerve system [15, 17] . The sensory inputs can be used by central nervous system to improve standing and postural control (feed forward active control mechanism) [18] .
In 2011, Cortesi investigated the effect of gastrocnemius muscles KT on standing stability of the subjects with Multiple Sclerosis (MS) disorders [18] . The results of the research showed that gastrocnemius KT decreased centre of pressure (CoP) sways during quiet standing [19] . It is also effective for achieving the maximal response of motor units through increase in coordination [20] .
The effects of KT with Botox injection on spasticity of tibialis posterior muscle was also reported in the literature. Based on these studies, the level of spasticity decreases significantly [21] .
Due to high risk of falling in the subjects with stroke, it is important to use various treatments to increase their standing stability. This study aimed to investigate the effects of gastrocnemius muscles KT on the stability of stroke subjects during quiet standing. This study is mainly based on the hypothesis that KT improves standing stability of stroke subjects.
Materials and Methods
This was a clinical trial study, in which a total of 22 stroke subjects (11 with disability in the right side of the body and 11 in the left side of the body) in chronic phase were recruited. The main inclusion criteria were as follows: having stroke accident for the first time [22] , within 6 months after injury [23] , the stroke caused by medial carotid artery, Ability to stand for at least 1 minute without any assistive devise [24, 25] , ability to walk for at least 10 meters [21, 26, 27] , and having Modified Modified Ashworth Scale (MMAS) less than 4 and equal or more 1 [26] .
Ethics Committee of Isfahan University of Medical Sciences approved the study. A consent form was signed by each participant before data collection. The subjects were divided into patients with right-sided stroke and left-sided stroke.
Study procedure
The subjects' stability was evaluated during static and dynamic conditions. The static stability was assessed during quiet standing on a force plate [28, 29] . Dynamic stability was evaluated by time up and go test (TUG) [18] .
A Kistler force plate (50×60cm) was used to evaluate the stability during quiet standing. The subjects were asked to stand on the force plate for 1 minute in a comfortable position. They gazed at a point 2 m from the force plate. The force plate data were collected with a frequency of 100 Hz. Then, the obtained data were filtered with Butterworth low pass filter with a cut off frequency of 10 Hz. The first and last 15 seconds of the data were deleted to remove the effects of sudden standing on the force plate and muscles fatigue. The tests were repeated to collect 5 successful trials. It should be mentioned that high degree of repeatability of the stability parameters can be achieved if the mean values of 5 trials be used for final analysis [24, 25] .
Time up and go test
It is the time a person takes to rise from a chair, walk 3 meters, turn around, walk back to the chair and sit down S PHYSICAL TREA MENTS October 2016. Volume 6. Number 3 [30] [31] [32] . A chronometer was used to record the time of the test. Some variables such as centre of pressure (CoP) excursions in both mediolateral (ML) and anteroposterior (AP) directions (CoPEAP, CoPEML); path length of centre of pressure in both planes of AP (PLAP) and ML (PLML), velocity of CoP in both planes of AP (VAP) and ML (VML) were used based on the following equations. X and Y are the CoP in anteroposterior and mediolateral directions, respectively.
The spasticity of lower extremity musculatures was evaluated by use of Modified Modified Ashworth Scale, which is considered a valid clinical measurement to grade spasticity [15] . This includes mobilization of each joint to reach a clinician-based assessment with ordinal outcome. The obtained score ranges from 0=no increase in tone to 4=limb rigid in flexion or extension
In the next step, KT with inhibitive technique was attached to gastrocnemius muscles based on the technique recommended by interventional KT association [33] . The KT used in this study was manufactured by ARES Company (5×5 dimensions). The same procedure was used to collect the data, immediately after using KT, and then one hour later.
Statistical analysis
The mean values of the aforementioned parameters were calculated for each subject. The normal distribution of the parameters was evaluated by Shapiro-Wilk test. Because of normal distribution of the parameters, the effects of taping were evaluated by performing repeated measure of analysis of variance with Minitab software (v. 17) [34] .
Results
The results of stability analysis of stroke subjects with hemiplegia in left and right sides are shown in Tables   1 and 2 , respectively. The mean values of TUG test of stroke subjects with symptoms in right side were 18.26±5.05, 15.54±3.83, and 14.05±4.59 seconds for first (before taping), second (immediately after taping), and third (one hour after taping) conditions, respectively (the difference between group conditions was significant (P<0.05). The mean value of CoP in anteroposterior direction in this group of subjects was 34.82±26.49 mm compared to 31.1±18.23 mm when KT was used (P=0.296). Although the mean value of the most stability parameters in both ML and AP directions decreased one hour after KT usage, the differences were not significant (P>0.05).
The mean value of spasticity of lower extremity musculatures test of stroke subjects with symptoms in left side were 2.36, 1.27 and 1.18 for first (before taping), second (immediately after taping) and third (one hour after taping) conditions, respectively. The difference between group conditions was significant (P<0.05). The mean value of spasticity of lower extremity musculatures test of stroke subjects with symptoms in the right side were 2.45 , 1.54, and 1.18 for first (before taping), second (immediately after taping), and third (one hour after taping) conditions, respectively. The difference between group conditions was significant (P<0.05). However, the differences between right-sided and left-sided stroke patients were not significant (P>0.05).
The stroke subjects with hemiplegic symptom in the left side of the body show significant improvement in dynamic stability (based on TUG test) following the use of KT and one hour later (P<0.05). Although the excursion of CoP in AP and ML directions decreased following use of KT, the difference was not significant. The effect of KT on standing stability one hour after use was significantly more than that in group without taping or immediately after KT usage.
Discussion
The performance of the subjects with stroke differs significantly from that of normal subjects. Various treatments have been used to restore the subjects' abilities during standing and walking. KT is one of the methods used in this regard [35, 36] . There is not enough evidence on the effect of gastrocnemius taping on stability performance of the stroke subjects. Therefore, this study aimed to evaluate the effects of KT on dynamic and static performance of stroke subjects.
The result of this study showed that the dynamic stability of two groups of subjects improved significantly, especially one hour after using KT. However, it seems that dynamic stability of stroke subjects with impairment in the left side is less than that with impairment in the right side, which may be due to the time of involvement (the mean value of time of involvement was 32.18 and 12.45 months for the left side and right side, respectively). Administration of KT decreased the CoP sway in the subjects with left side involved and the difference was significant. However, the stability of stroke subjects with disability in the right side of the body did not significantly improve one hour after KT. The main reason for dynamic stability could be the effects of KT on ankle joint plantar flexor spasticity. Following the use of KT, the spasticity of gastrocnemius decreased which led to increase in ankle joint dorsiflexion motion. Based on the results of previous studies, dynamic stability based on TUG test depends on spasticity of ankle plantar flexor and range of dorsiflexion motion [21, [37] [38] [39] . Therefore, the dynamic stability of both subjects improved due to decrease in spasticity of plantar flexor muscles.
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Another interesting study result was related to static stability of the subjects with left-sided hemiplegia who were improved more than that of the subjects with disability in the right side. The main reason may be due to more instability of the left hemiplegic subjects compared to right hemiplegic subjects. As they were more unstable, the effect of taping on this group of the subjects may be more than that of right hemiplegic subjects. It was also showed that in previous studies, left hemiplegic subjects showed greater sway area and lateral displacement compared to right hemiplegic subjects.
This study has some limitations too. The main limitation relates to different follow up time after injury which were different between left and right hemiplegic subjects. However, only the effect immediately after using KT and then one hour after were evaluated. Therefore, it is recommended that the effects of KT be evaluated after some period of use.
